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Executive Summary 

This report presents the endings ofvarious ecological studies conducted hy 

T^onnnion biologists in 2013on Take Anna ̂ lake ,̂ me ^aste^eatTr^^ 

^I^TT^ and the Norm Anna ^ver downstream ofthe dam. The studies were conducted 

in accordance wim me 200^ smdy plan that was approved by the Deparun 

environmental Quality ^D^Q^ and theVirginia Department of 

^DGIT .̂ The 2013studies were permrmed to address the requirements of the NPDr̂ S 

permit mr North Anna Power Stauon and continue to support me316^demons^ 

mr me station that me operation ofme power station has not resulted in appreciable har^ 

to the biological community. 

North Anna Power Station operated at an average of^O^mrUnit land ^6. 

for Unit2of net megawatt generation capacity in 2013. Unitlwas shut down mr 

approximate1y32 days from September^through October 10, and mr approximately 51 

hours ^ctoberllmrough October 13. Unit2was shut down mr approximately 32 days 

from Apri17mrough^ay9,mrapproximate1y11days from l^aylOthrough^ay 22 

and for approximate1y2days from ^ay 2^ through 30. 

The maximum hourly water temperature recorded in 2013 was 3 .̂9^C in July at 

station NAD1SC1,located in me ^FITT and the minimum was3.6^C in January 

station NAL719NT,1ocated in the lake. The maximum and minimum hourly 

temperatures recorded in the WrlTT and lake are within the range of previously repo 

^years^19^1-2012^maximum and minimum temperatures. In addition to hourly 

temperature monitoring, standard physicochemicalmeasurements^water temperature, 

disso1vedoxygen,p^,and conductivity^were recorded at the time ofbiological sampling 
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and were within the values to supportahealthyftshery. 

ntt^equatT.erly lake gi l l nets 

Crappiehadacatch per unit e t ^ r t ^ C P U ^ that was s i g n i ^ 

2012average. Striped bass C P U ^ tor 2013 was higher than the historical average but m^ 

difference was not significant. G i ^ a r d Shad C P U ^ was significantly lower than the 

19^1-2012 average. 

In the quarterly ^ ^ T T gi l l net san tp1es ,G i ^a rdShad , ^ i t ^ 

and Contmon Carp hadaCPUf^ that was significantly higherthan the 

Channel Catfish h a d a C P U ^ that was significantly lower than the historical^ 

Channel Catfish, Striped i ^ass ,^ i i te Perch, ^ lackCrappie, Common Ca rpa l 

Shad have commonly ranked high in the gillnet catches in the lake and ^vT^TF. 

Centrarchids^sunfishes^continue to be me numerically dominant fish tax 

collected by quarterly electrofishing surveys in Lake Anna and ^ ^ T T in 2̂ ^ 

Largemouthf^ass and Threadfin Shad h a d a 2 0 1 3 C P U ^ that was significantly higher 

than the19^1-2012average.The differences among f31uegi11. Green Suntish,Redear 

Sunfish and their historical averages were not significant, in the ^vTtTF,Channe1 Catfish 

hadaCPUL mat was significantly higher than the19^1-2012 average and ^ l u e g i ^ 

Largemouthr^ass, Green Sunfish and Redear Sunfish had catch rates that were 

significantly lower than the historical average. 

Da taco l l ec teddur ing theb iannua lsu tveysmrAs ia t i cc I ^ 

vattahle catches n^omyeartoyeat with decreasing average catch at the ^ 

Intake stations. Si^e distributions ofclams indicate that high catches ofclams are driven 

by spring spawning events but the majority ofthose young clams do not move into the 
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older yeat classes, therefore reducing me risk ofbiomuling at Norm Anna. 

As for the North Anna l^ver^AR^ below the dam, continuous temperatme 

at station NAR^V601 was not captured during the monms of Jmy and Augus t ,^ 

data was captured for June^n^106^ and September^n^46^ due to an error in m^ 

logger setup. The maximum recorded temperature in 2013 was 30.2^C in September. 

1 îstorica11y,the maximum water temperature has occurred in ^uly or August. 

NARelectrofishing surveys occur three timesayear, once per month in ^ay 

^survey1^,^u1y^survey2^andSeptember^survey3^and utilise elec^ 

backpack electrofishing.TheCPULmr the electric seine on su^ 

were46^.5,257.^,and200.0respective1y. CPU^ for all electric seine surveys in 2013 

were significantly higher man me historical means. The CPUEfor^ 

surveys 1,2and3in2013were 32.5,and 30.4and35.2 respectively. CPU^forafi 

backpack surveys in 2013were significantly lower than the historical means. 

f^lectrofishingCPUL in the North Anna River is highly vari^^ Although 2013 

electrofishingCPUL was higher on some surveys and lower on otherŝ  species richne 

has remained high in me Norm Anna River samples which are indicative ofadiverse fish 

community. 

Youngofyeat^O^smallmouthbasssamplingandotolimagingwer^ 

conducted in 2013to investigate smallmouth bass spawning, recruitment and to examine 

the infiuence ofthe North Anna River flow and water temperature on spawning dura^ 

Smallmouth bass were primarily collected usingarecently purchased zodiac 

electrofisher comprised o f a ^ a r k i i zodiac boat outfitted withaSmim-RootTypeVf-^ 

control box, single boom umbrella array anda5000^f^ondagenerator.The boat was 
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placed in service in October 2013 which is much later in the year than when previous 

sampling has been conducted, resulting in fewer YOY fish which were older and harder 

to age than previous years. 

Six^YOYsmallmouth bass were collected in 2013and age data derived from 

them were compared to the dataset from 200^-2012. eighty-eight percent ofthe 

YOY that were collected from 200 -̂2013 were spawned when river flows were less than 

orequalto400cfs.AlthoughriverfiowsdifTeredamongallfomyears^ 

me spawning occurred when flows were maintained atafairly consistent level at or 

below 400 cfs during the spawning season.This was not the case in 2009 when mâ or 

fiucmations occurred in the river flows which resulted inYOY not being collected.The 

poor smailmouth bass spawning year in 2009 was not unique to the North Anna River. 

Poor smailmouth bass spawns were noted throughout the state ofVirginia in 200^ and 

2009^OfT2011^. 

River water temperatures were used to assess the potential effects of water 

temperatme on spawning success and spawning dmation in the North Anna River.The 

accumulation ofheating degree days^degreedays^greaterthanlO^C was examined in 

relation to the beginning, duration, and the end ofthe Smallmouthf^ass spawning seasons 

in 200^-2013usingacorrelation analysis, trie correlation analysis found that t^^ 

the degree days at me start ofthe spawning season the shorterthe spawning season will 

be. This relationship does not imply that degree days cause the shorter season, but onfy 

that spawning season duration decreases as the degree day value at the start ofthe season 

increases. 

In addition to the analysis, data mr adult and^uvenile Smallmouth r3ass 
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caught on the zodiac electrofishmg survey wer^ 

from5poolsatarateof24.3 fish per hom.^en plotted the Smailmouth^ass length 

were normally distributed. Fifty percent^O^ of the bass t ^ l l i n t o ^ 

275-325mm lengm classes withacombined catch rate o f l ^ . l fish per hour.YOY 

Smallmouthr^ass fell into the 75-125mmsi^e class and hadacatch rate of^ . i f i sh per 

hour 

^oatelectrofishing surveys will be continued and are intended to provide annual 

catch rates to gage year class strength. As the datasetgrows,we should begin to better 

understand what factors may be affecting the spav^ and recruitment 

in the North Anna River. 

biological systems are highiy complex and are influenced by many 

environmental factors, ft is difficult to determine exact causes of changes seen in 

sampling results especially since there are so many natmalshitts in reproduction, growth, 

survival and distributions of aquatic organisms. Overall, the 2013data^species richness, 

water duality and relative abundance of fishes^indicate mat the lake,Wl^TF and riv 

downstream of the lake continue to supportadiverse,healmy,and balanced fisheries 

community. 



LISTOFFIGURES 

Figure 
Number Title Fa^e 

2.0.1aBb 2013NorthAnnaUnitsland2daily 
power level 2̂ 3 

3.1- 1 Approximate location of temperature 
recorders in Lake Anna and 4 

3.12 Approximate location of thermal plume 
sampling stations on Lake Anna 4 

3.2- 1 Location ofgill netting stations on Lake Anna 
a n d ^ r l T F 1 1 

3.2-2 CFU^mr the 2013numerically dominant gill net species 
mrthe lake 1 9 ^ 1 - 2 0 1 3 1 6 

3.2- 3 CRU^mr the 2013numerically dominant gill net species 
m r t h e ^ T F 1 9 ^ 1 - 2 0 1 3 1 ^ 

3.3- 1 Location ofelectrofishing stations on Lake Anna 
a n d ^ T F 1 9 

3.3-2 CRU^^mr^mrme2013numericallydonnnantelectrott 
species in tbe lakel9^1-2013 24 

3.3- 3 CRUr^^mr^mr me 2013numerically dominant electron 
species in the W F t T F 1 9 ^ 1 - 2 0 1 3 2 5 

3.4- 1 Average number of C ^ ^ ^ ^ ^ ^ ^ ^ collected 
atall stations in Lake A n n a a n d W r l T F 1 9 9 1 - 2 0 1 3 2 9 

3.4-2 Number of C ^ ^ ^ ^ B ^ ^ ^ collected per station at 
Lake Annaand the ̂ rlTTin2013 30 

4.1- 1 Location ofNortb Anna River temperature recording 

and electrotisbing survey stations 31 

4.2- 1 Location ofNortb Anna River electrotishing stations 34 

4 2 2 Total numbers offisbcaugbtelectrotisbing by 
survey,gear type and year!990-2013 3^ 

vi 



Figure 
Number Title Fa^e 

4.2 3 Average numbers of fish caught per station by 

survey,gear type and year 1990-2013 39 

4.3-1 mediae ^oat^lectrofishing Locations 42 

4.3-2 River flow measured at me USGS gage 

1ocatedatNAR-1,April-July 2 0 0 9 4 5 
4.3-3 estimated spawn date ofSma11mouthf3ass, accumulated 

degree days and river flow^efs^on the North Anna River 
200^2010 2013 46 

4.3 4 Regression Analysis comparing Spawning Season Duration 
v s D e g . D a y s a t t h e S t a r t 2 0 0 ^ 2 0 1 0 - 2 0 1 3 4 7 

4.3-5 Regression Analysis comparing Spawning Season Duration 
vsDeg.Daysattheend 200^ 2010-2013 4^ 

4.3-6 Length Frequency Distribution^50 mm intervals^ 
ofSma11mouth8asseo11ectedatNAR-5on10^16^2013 4^ 

vii 



LIST OF TABLES 

Table 
Number Title 

3.1-1 Summary of North Anna Axed recorder temperature 
data during 2013 6/7 

3.1- 2 Lake Anna water temperatures from the instantaneous 
temperature surveys (in Celsius degrees) measured at 
one meter interval depths 8/9/10 

3.2- 1 Surface water temperature (*C), conductivity (umhos), 
pH (standard units) and dissolved oxygen (mg/1) 
recorded at time of gill net sampling during 2013 12 

3.2-2 Fishes collected in Lake Anna and WHTF by gill 

netting during 2013 13 

3.2-3 Gill net summary for lake stations in 2013 14 

3.2-4 Gill net summary mr WHTF stadons during 2013 14 

3.2- 5 CPUE for the top 5 species, 1981 -2012 averages and p-values 
(1 sample T-test; 95% CI) for gill netting samples in the lake and 
WHTF 15 

3.3- 1 Surface water temperature (°C), conductivity (uhmos), 
pH (standard units) and dissolved oxygen (mg/1) 
recorded at time of electrofishing sampling 
during 2013 20 

3.3-2 Fishes collected in Lake Anna and WHTF by 
electmHshing in 2013 21 

3.3-3 Electrofishing summary for lake stations during 2013 22 

viii 



Table 
Number Title Pâ e 
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LO Introduction 

ini972, me North Anna River was impounded to create Take Anna,a3^^5 

hectate(9600acres)reservoir(lake)that provides condenser cooling water m^ 

Anna Rower Station (NARS). Adjacent to Lake Anna isal376 hectare (3400 acre) 

Waste HeatTreannentTacility(WHTT) that receives the cooling water and trans^ 

excess heat ĥ om me water to me atmosphere bemre discharging into the lake. 

Aquatic monitoring studies have been conducted on Lake Atma, me WHTF and 

the North Anna River below the dam since their inception. lnJanuary,1^4,the 

Company initiated an extensive Section316(a) demonstration study (R.L. 95-500) to 

determine if proposed ettiuent limitations on thermal discharges t r o m ^ 

were more stringent than necessarvmassme the protection and propagation ofa 

balanced, indigenous community of shellt̂ sh, fish and wildlife in Lake Anna and the 

lower North Anna River. The final report (Virginia Rower316(a)Reportl9^6) 

successmlly demonstrated that the operation ofthe power station had not resulted in 

appreciable harm to the biological community. The Virginia Water Control ^oard 

(VWCf3)accepted the smdyasasuccessful demonstration in September,19^6. 

Subsequent to the316(a)study,the Company committed to continue selected 

environmental studies on Lake Anna,WHTT and the lower North Anna River as part ofa 

post-316(a)agreement. Anew VRDl̂ S permit mrNARS(permitV 

issued in October of2007. lnaccordancewith,^Section^iteml3i.e.,Rost316(a) 

monitoring^aDepartmentof^nvironmental Quality (DLQ)apn^^ 

was created and implemented in 200^ which is based on historical studies with the 

addition ofasmailmouth bass population study and an initial freshwater mussel search.A 

1 



report summarizing data from each year is prepared and submitted to the Virginia 

Department of Environmental Quality (DEQ) and the Virginia Department of Game and 

Inland Fisheries (DGIF). This report presents the findings for calendar year 2013. 

2.0 Station Operation 

North Anna Power Station operated at a factor of 90.0% for Unit 1 and 86.5% for 

Unit 2 of net megawatt generation capacity in 2013. Unit 1 was shut down for 

approximately 32 days from September 8 through October 10, and for approximately 51 

hours October 11 through October 13. Unit 2 was shut down for approximately 32 days 

from April 7 through May 9, for approximately 11 days from May 10 through May 22 

and for approximately 2 days from May 28 through May 30 (Figures 2.0a and 2.0b). 

Figure 2.0 (a) 2013 North Anna Unit 1 Daily Power Level 
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Figure 2.0 (b) 2013 North Anna Unit 2 Daily Power Level 

Date 

3.0 Lake Anna 

3.1 Temperature 

Methods 

Lake, WHTF, and North Anna River water temperature data were collected using 

continuous monitors (Axed temperature recorders) and instantaneous temperature Held 

surveys. Continuous temperature was measured with Solinst Levelogger (±0.1 °C) 

temperature recorders which measured and recorded the water temperature at one hour 

intervals. Temperature recorders were placed at a depth of one meter at seven stations in 

the lake, three stations in the WHTF and one station in the river (Figure 3.1-1). The 

instrument at NALST10 was located at a depth of three meters to account for the 

turbulence associated with water discharges from the WHTF to the lake. 
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Figure 3.1-1 Approximate location of temperature recorders in Lake Anna, 
WHTF and the North Anna River 

Instantaneous temperature was measured using a Hydrolab MS5 data 

sonde (+ 0.1 °C). Instantaneous temperature was measured at one meter intervals, 

from the surface to the bottom, at each of 14 stations in Lake Anna (Figure 3.1-2). 

Figure 3.1-2 Approximate location of thermal plume sampling stations on 
Lake Anna 

•Mtmtkf as i«r»ici 
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Results and Disenssion 

The maximum hourly temperature recorded in theWHTT in 2013hy continuous 

monitors wa^3^.9^C in Juiy at station which is located at m^ 

discharge canal ( T a b l e d . T h e minimum hourly temperature recorded in the WHTT 

in 2013wasl0.9^C in January at S^ 

me third lagoon The maximum and minimum temperatmes in me WHTT for 2013 are in 

me range ofpreviously reported maximum and minimum temperatmesfor^ 

The maximum homlytemperatme recorded in the lake in 2013 hy continuous 

temperatme monitors was33.0^C in July at station NAL719ST. The minimum hourly 

temperamre recorded in the lake in 2013 was3.6^C in January at NAT719NT. Due to an error in 

the data logger setup, continuous temperature data at station NAR1V601 were not captured 

during the months ofJuly and August, an^ 

Septemher(n^64).Temperatmes recorded in the lake,WHTT and river 

ofpreviously reported maximum and minimum lake temperatures. 
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TABLf 3J-1 SUMMARY OF NORTH ANNA FIXED RECORDER TEMPERATURE DATA DURING 
2013. ALL RESULTS ARE CALCULATED FROM HOURLY TEMPERATURES (IN DEGREES CELCIUS). 
ALL ARE SURFACE INSTRUMENTS EXCEPT FOR N ALSTI0 WHICH IS AT 3 METERS DEPTH. A * 
INDICATES DATA MISSING DUE TO INSTRUMENT MALFUNCTION OR DAMAGE. 

YEAR-2013 MONTH-JANUARY 

S T A T I S T I C 

/ 
N A L 7 I S S T N A L 7 1 9 N T N A L 2 0 R T N A U N T N A L T I 1 IS T N A L B R P T T N A L S T 1 0 N A D J S C 1 N A W H T F 2 N A W H T F 3 N A R I V 6 0 I 

S T A T I O N 6 5 4 1 1 .1 in 7 8 9 I I 

H O U R L Y 

HIGH 
8. . .0.3 no .1.1 12.0 11.9 23.0 19.1 IS .5 12.4 

H O U R L Y 

M K A N 
5.7 5.6 7.8 8.6 8.9 10.5 10.8 20.7 16.1 13.3 10.0 

H O U M L Y 
L O W 

3.7 M SJ 6.6 6.9 8.4 9.2 18.7 D.J 10.9 7.8 

HOURS 744 744 744 744 744 744 744 744 744 744 744 

Y E A R 2013 M O N T H - F E B R U A R Y 

S T A T I S T I C 

•if' ;; 
M A U D S T N A L 7 J 9 N T N A L I O S 1 N A U N T N A L T H B i T N A L B R P T T N A L S T 1 0 N A D I S C 1 N A W B T F 2 N A W H T F 3 N A R J V 6 0 I 

S T A T K ) N 6 S 4 1 I 3 10 7 8 9 11 

HOURLY 

II KB 

HOURLY 

II KB 
7.3 7.5 8.1 8.8 9.3 10.6 10.8 20.8 17.0 14.3 11.1 

HOURLY 

II KB 

H O U R L Y 

M K A N 
5.7 5.4 6.3 7.5 7.8 9.7 10.0 19.5 14.9 12.3 9.6 

H O U R L Y 

L O W 
4.9 4.6 5.5 6.8 7.2 8.7 9.3 18.8 13.4 U S 8.5 

Houm: 6 7 1 672 67Z 672 672 672 672 672 672 4 7 1 672 

YKAR-20M MONTH-MARCH 

S T A T I S T * 

/ 
N A L 7 I 9 S T N A L 7 1 9 N T N A L 2 0 8 T N A L I N T N A L T H 1 S T N A L B R P T T N A UST 10 N A D I S C 1 N A W H T F 2 N A W i l l F3 N A R I V 6 0 I 

S T A T I O N « 5 4 I 1 3 10 7 S 9 11 

H O U R L Y 

H I G H 
10.0 9.7 9.4 10.3 11.3 13.1 12.2 21.9 18.2 15.7 13.1 

H O U R L Y 

M K A N 

H O U R L Y 

M K A N 
7.4 7.1 7.3 8.5 8.8 10.7 11.0 20.2 IS .8 13.6 10.6 

H O U R L Y 

L O W 
5.0 5.0 S 3 6.7 7.1 8.9 9.1 IS .4 12.8 11.3 8.6 

H O U R S 744 744 744 744 744 744 744 744 744 744 744 

YKAR=2013 MONTH-APRIL 

S T A T E I K 

/ 
S T A T I O N 

N A L 7 1 9 8 T 

6 

N A L 7 1 9 N T 

5 

N A L 2 0 8 T 

4 

NAUNT 

2 

N A L T H B T 

I 

N A L B R P T T 

3 

N A L S T 1 0 

10 

N A D 1 S C 1 

7 

N A W H T F 2 

8 

N A W H T F 3 

* 
N A R I V 6 0 1 

11 

H O U R L Y 

H I G H 
. . „ « , , , ""' 19.4 19.0 IB.7 17.7 27.8 24.1 22.0 18.7 

H O U R L Y 

M R A N 

H O U R L Y 

M R A N 
16.4 16.4 15.7 15.7 15.7 15.7 15.1 14 .* 21.0 18.9 15.4 

H O U R L Y 

L O W 
9.0 8.0 8.8 10.0 10.2 11.5 11.4 18.2 17.0 14.9 11.5 

H O U M 719 719 719 719 719 719 718 719 719 719 720 
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7 
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8 

N A W H T F 3 

9 

MA*n%#i 

I I 

H O U R L Y 
25.0 23.3 H I G H 27.1 25.6 25.1 25.0 23.3 J1.7 28.4 27 .1 2 * J 

H O U R L Y 

M K A N 
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18.0 I I .0 17.5 17.2 U . I 16.7 15.8 23.0 20.1 19.3 14.2 
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S T A T I S T I C 

1 

S T A T I O N 

NAL7I9ST 

6 

N A L 7 I 9 N T 

S 

N A U O K T 

4 

N A U N T 

2 

N A L T I I I S T 

1 

N A L B R P T T N A L S T 1 0 

10 
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7 

N A W H T F 2 

8 

N A W H T F 3 

9 

N A R I V 6 0 I 

11 
H O U R L Y 

H I G H 
30.7 30.5 29.9 19.7 29.6 29.9 28 5 30.2 34.8 32.4 26.4 

H O U R L Y 

M E A N 
26.7 26.9 26.S 26.2 26.1 26 .2 25.8 33.4 31.1 29.3 24.3 

H O U R L Y 

L O W 
23.7 24.S 24.1 24.0 2J.6 23.3 22.4 31.1 27.4 26.0 23.0 

H O U R S 720 720 720 720 720 720 28 720 720 720 106 
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T A B L E 3.1-1 (CONT.) YKAR=2013 MONTH=JULY 

S T A T * TIC 

#' ; 
UTATTON 

NAL7 19 ST 
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NAL7I9NT 

5 

MAU##T 

4 
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MALnnmT 

i 

NALmmPTT 

3 

NALST10 NADISC1 MAWHTF2 

8 

MAWHTP3 

i 

N A K W O I 

H 

HOURLY 
HIGH 

33.0 32.9 32.9 32.9 32.7 32.8 31.5 38.9 37.0 35.2 

• 
HOURLY 

MEAN 
29.8 29.9 29.7 29.4 29 ^ 29.7 37.2 34.4 32.6 • 

HOURLY 
LOW 

17 j 27.9 27.6 27.6 27.3 27.8 27.5 35.6 32.3 30.7 • 
HOURS 744 744 744 744 744 744 744 744 744 744 • 

YEAR=2013 MONTH=AUGUST 

g T A T m T K 
/ 

STATION 

NAL719ST 

6 

NAL719NT 

» 
NALZOOT 

4" 

N A LIN T 

2 

MALTmmT NALBRPTT 

3 

* A L m T * 

I * 

M A D * C I 

7 

NAWHTF2 

8 

NAWHTF3 

9 

NARIV601 

11 

HOURLY 
1IICH 

29.7 29.9 30.2 30.9 30.6 31.1 30.4 37.4 35.4 33.3 • 
HOURLY 

MEAN 
27.6 27.6 28.1 28.3 28.2 29.0 29.2 35.9 33.0 31.1 • 

HOURLY 
LOW 

25.5 25.5 2*7 26.6 27.8 28.1 34.6 31.1 29.2 • 
SOUR* 744 744 744 744 744 744 744 744 744 744 • 

YEAR = 2013 MONTH=SEPTEMBER 

STATBTkT 

/ 
STATION 

NAL7I9ST NAL7I9NT NAL2MT NAUNT NALTHKT NALBRPTT NAUSTTO N A D m n NAWBTK2 NAWHTM 

9 

NAnrwoi 

u 
HOURLY 

HIGH : * j 29.5 29.6 29.7 29.7 29.7 29.3 M.7 34.5 32.3 30.2 

HOURLY 
MEAN 134 25.8 26.3 26.4 26.4 26.9 27.0 33.9 30.1 28.6 25.2 

HOURLY 
LOW 

21.9 22.0 22.8 23.1 23.4 23.8 24.3 30.9 26.3 23.1 22.6 

HOURS 719 71* 72* 719 719 720 720 718 720 720 464 

YEAR=2013 MONTH=OCTOBER 

*TATmTK7 
YiT" 

STATION 

NAL719ST 

6 

NAL719NT 

5 

NAL1#*T 

4 

NAUNT 

2 

NALTHBT 

1 

NALBRPTT 

3 

MAL»T1* 

* 
M A D # C I 

7 

MAWBTF2 

» 
M A W T f a 

9 

NARIVAOI 

11 
HOURLY 

H K H 
24.9 25.0 25.8 26.2 26.1 26.0 ZS.2 3% 1 30.2 28.0 26.0 

HOURLY 
RTEAW 

19.8 20.1 21.0 21.3 2L4 %2J 22.7 28.2 25.4 23.9 21.5 

HOUELY 
LOW ISO UJI 17.2 18.0 18.3 19.6 20.4 25.8 224 20.9 17.6 

BOU*@ 744 744 744 744 744 744 744 744 744 744 744 

YEAR=2013 MONTH-NOVEMBER 

STAT*TmC 
/ 

STATION 

NAL7I9ST 

6 

MAL7WNT NAL2WT NAL&MT NALTHIST 

1 

NALBRPTT 

3 

NALBTW 

10 

M A M C I 

7 

NAWHTTZ 

8 

MAWHTM 

9 

NARIV60I 

II 
HOURLY 

HIGH 

NAL2WT 

HOURLY 
HIGH 16.9 17.4 18.7 » j 19.6 20.3 20.9 26.8 244 22.4 20.1 

HOURLY 
MKAN 

11.9 0 4 M.3 15.0 15.4 16.7 17.4 24.3 20.3 18.4 15.6 

HOURLY 
LOW 

6.3 7.4 0.7 10.6 11.1 12.4 13.2 21.6 16.7 13.7 11.8 

HOURN 720 720 720 72* 72* 720 72* 72* 720 720 720 

YEAK-20U MONTH=DECEMBER 

STATBT&C 

STATION 

NAL719ST 

6 

NAI.719NT 

5 

*AL2*#T 

4 

NAUNT 

2 

NALTHIST 

1 

NALBRPTT 

3 

MALKTM 

III 

MADBCI 

7 

NAWHTF2 

; 
MAWHTFJ 

9 

NARP/*#I 

I I 
HOURLY 

HIGH 
,«,, 10.0 12.2 12.4 13.1 13.5 ,4.0 25.7 20.5 14.5 O.O 

HOURLY 
MEAN 

6.4 44 # 4 9.5 10.0 11.5 12.4 22.9 n j 14.3 11.6 

HOURLY 
LOW 

4.6 4.7 «.» 7.7 #4 * j 11.2 21.4 25.2 12.9 10.0 

HOURg 744 744 744 744 744 744 744 744 743 744 744 



The insumumeoustemperatme surveys were conducted in March, May,August, 

and December to provide temperatme dam to assess season 

patterns in the lake (Tabled.1-2). Resultsofme March survey showamaximum 

temperatme decrease of3.6^C from surface to b o ^ The 

May survey showsathermocline^alayerwithinabody of water where me tempê ^ 

changes rapidly with depm) arming at tTtel4tol5meter depths at Smt̂ ^ 

Stations. Heyond mat point, in the middle and upper lake,athermoclme was less 

pronounced as indicated by more gradual changes in temperatmes from smface to 

bottom, The August survey shows very minimal temperatme change with depth, while 

the December survey showsaslight decrease in temperatme with decreasing depth. 

Table 3.1-2 
3/12/2013 

5 from the instantaneous temperature surveys in (*C) measured at one meter interval depths 
Depth (m) A B C D 

0 11.2 11.2 10.9 10.2 
1 11.1 I I j 10.8 10.1 
2 11.1 11.2 10.7 10.1 
3 11.0 i n 10.6 10.0 
4 10.9 11.1 10.4 9.9 
5 10.7 I I I IOJ 9.: 
6 10.4 10.9 10.1 9.6 
7 9.6 10.9 10.1 95 
8 9J 10.9 99 94 
9 9.1 I0.# 9.8 9 j 
10 9.0 10.3 9.7 9.2 
11 9.0 lOJ 9.6 9.1 
12 90 9.9 9.) 9.1 
13 9.0 9.9 9.4 9.0 
14 9.0 9 : 9 J 9.0 
15 9.0 94 9.1 #9 
16 90 94 9.0 88 
17 9.0 92 9.0 &: 
18 9.0 9 J 9.0 8.7 
19 : 9 #9 
20 9.0 

K L M N 
8.7 7.0 78 &7 
&3 7.1 7.7 &S 

##g 7.0 7J & l 
7.* 7.0 6.8 7.9 

7.7 6.7 6.7 7.9 
7.5 6.7 6.4 7.4 
7.4 &7 6.1 M 

A 
R 
C 
H 

s 



Table 3.1-2 (cent.) Lake Anna water temperatures from the instantaneous temperature surveys in (*C) measured at one meter Interval depths 
5/17/2013 Dp p(li A B c D E F G H 1 J K L M N 

0 212 21.1 214 21.9 21.6 22.6 22.0 22.3 22.6 213 214 23.2 23.6 23.1 

1 21.3 20.7 21.5 21.0 212 22 1 21.4 21.6 21.8 21.6 213 222 23.4 229 

2 20.6 2 0 j 20.6 20# 20.7 21.2 21.2 21.2 21.3 20.4 21.1 20.6 22.: 212 
3 20.5 202 20.4 202 202 20.4 20.9 20.3 19.9 202 20.5 19.9 19.8 20* 
4 20.4 19 1 20J 20.0 19* 202 19.9 20.1 192 19.9 20.0 19.3 192 19.5 

5 202 18.8 197 19.8 19.6 19.9 19.8 19.9 19.0 19.6 20.0 18.4 125 127 
6 20.1 18.3 19.4 19.5 19.5 19.9 19.5 19.7 18.8 192 19.6 17.5 17.5 17.9 

7 20.0 17 J 19.3 19.4 19.4 19.8 193 19.5 18.7 18,7 19.1 17.5 162 172 

8 20.0 16.9 19.3 19.4 192 19.5 18.9 119 18.3 18.0 110 162 

9 18.7 16J 19.0 19.2 19 1 192 18.4 im.4 17.6 173 17.6 
10 18.5 14.9 18 7 18.8 18.8 18.8 17 9 i« i 167 17.1 17.1 

11 18.3 112 16.4 175 18.1 18.5 17.3 1&6 16.5 119 16.8 
12 176 117 141 15.0 16.4 168 162 15.8 162 116 162 
13 15.4 Q J 118 13.6 131 162 15.9 14.6 15.9 14.0 14.9 

14 13.4 l ia 114 13.0 132 14.7 132 13.9 118 142 
15 112 110 12.4 122 13 8 129 136 m 
16 11.8 11.6 12.1 126 113 128 13.7 
17 
18 
19 
20 3 

11.5 #1* 122 12.6 12.7 
12 7 
12 6 

Cool 
17 
18 
19 
20 3 

11.5 #1* 
122 
122 
11.7 

12.7 
12 7 
12 6 

Warm Cool 
17 
18 
19 
20 3 122 

122 
11.7 

12.7 
12 7 
12 6 

17 
18 
19 
20 3 122 

122 
11.7 

M 
A 
Y 

Table 3.1-2 (cont.) Lake Anna water temperatures from the instantaneous temperature surveys in (*C) measured at one meter interval depths 

a/zvzna Depth A B c D E r G H l J K L M N 
0 2 2 : 2 2 : 227 227 227 292 2 2 : 2 2 : 221 27.9 272 27.0 27.7 274 
1 227 2 2 : 226 225 226 2 2 : 226 220 272 272 272 26.# 26.9 262 
2 226 227 225 224 224 224 225 272 273 277 272 264 26.6 264 
3 226 226 225 211 222 222 224 26.9 27 1 272 27.1 262 2 5 : 259 
4 215 225 272 27.7 277 222 223 26.9 27.0 27.4 27.0 26.1 252 252 
5 224 223 272 272 27.7 222 220 26.9 26.9 272 263 26.1 25.0 242 
6 213 221 276 272 27.7 221 27.6 2 2 : 26.9 272 261 26.0 232 232 
7 27.: 279 272 27.6 272 279 27.4 26.5 26.9 27.1 261 26.0 2z: 232 
8 276 279 272 272 27.5 27.4 272 26.9 26.9 267 26.0 25.9 
9 27.5 272 272 272 272 274 27 1 267 26.7 26.6 26.0 2 5 : 
10 27.6 27.7 27.5 272 27.5 272 27.1 26.7 26.5 262 259 25.7 
11 274 27.4 27.4 27.4 27.4 272 27.0 26.6 26.5 262 222 
12 272 272 27.4 27.4 272 27.1 27.0 26.6 26.4 26.1 25.1 
13 27.3 272 272 272 272 27.1 26.9 26.5 262 26.1 24.9 
14 272 272 27.3 272 272 27.0 26.4 262 2&0 24.9 
15 27.0 272 272 272 27.1 26.9 26.7 263 249 
16 26.7 272 27 1 27.1 26.9 2 6 : 262 
17 25.9 262 27.0 262 26.7 262 
18 24.4 242 26.1 26.6 26.1 26.0 
19 
20 
21 

212 226 221 24.6 252 VL-arm Cool 19 
20 
21 

192 
W 2 

24.6 252 19 
20 
21 

192 
W 2 

24.6 252 

A 
u 

g 
u 
s 
t 
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Table 3.1-2 (cont.) Lake Anna water temperatures from the instantaneous temperature surveys in (*C) measured at one meter interval depths 

12/27/2013 

D 
e 
c 
e 
m 
b 
e 
r 

Depth A B c D E P G H 1 

0 12.0 11.9 11.6 11.0 10.9 10 9 10.0 9.4 92 
1 110 11.9 11.6 11.0 10.9 109 10.0 9.4 92 
2 11.9 11.9 11.6 11.0 102 102 10.0 9.4 9.0 
3 I I . * 11.9 11.6 11.0 102 io: 10.0 9.4 29 
4 11.4 i i . : 11.5 10.9 102 10.7 10.0 9.4 29 
5 11.4 i i . : io.m 10.7 102 10.7 9.* 92 29 
6 11.7 11.6 io.: 10.6 10.7 10.7 9.8 92 29 
7 11.7 11.5 10.4 10.4 10.5 10.7 92 9.0 2 2 

B 11.3 112 10.4 10.4 10.5 10.6 92 92 28 
9 112 11.4 10.4 10.4 10.5 10.5 92 9.0 2# 
10 10.7 11.0 10.4 10.4 10.4 92 92 9.8 8.7 
11 io.: 10.9 102 102 10.3 92 92 29 26 
12 10.6 10.9 102 10.2 10.3 92 92 29 24 
13 10.5 10.9 10.3 102 10.3 9.7 92 29 8.3 
14 10.5 10.9 10.3 10.2 10.3 9.7 94 29 
15 10.5 10.9 10.3 102 10.2 9.6 92 8.8 
16 10.5 102 10.3 10.2 10.2 9.6 92 
17 10.5 10.3 10.2 10.0 92 92 
IB 10.4 102 102 10.0 9.5 90 
19 10.4 10.3 10.2 92 89 
20 10.4 9.5 

21 10.3 

3.2 Fish Population Studies - Gill Netting 

Methods 

The monitoring offish abundance and species composition for Lake Anna and 

the WHTF continued in 2013 using the same sampling methods as previous years, gill 

netting and boat electroGshing. Gill netting was used to capture fishes which normally 

inhabit the deeper strata ofthe lake, or exhibit a movement to and from the shoreline 

within a 24-hour period. Similar to previous years, gill net surveys for 2013 were 

conducted seasonally (February, May, August, and November) at each of six stations 

(Figure 3.2-1). Gill nets were set near littoral (near the shoreline) drop-off areas and left 

overnight. Standard physicochemical measurements including surface water temperature 

(°C), dissolved oxygen (mg/1), pH and conductivity (umbos) were recorded at the time of 

io 



Figure 3.2-1 Location of gill netting stations on Lake Anna and WHTF 

u. \ 

each sample collection. Fish collected by gill netting were returned to the laboratory for 

processing. Length (mm) and weight (g) were recorded for each fish. The fish for each 

sample were sorted by species and enumerated. Catch per unit effort (CPUE) was 

calculated as the number of fish per net night. CPUE for 2013 was compared to 

historical average CPUE using a one sample t-test with a 95% confidence interval (CI). 

Results and Discussion 

Standard physicochemical measurements recorded during gill net surveys are 

shown in Table 3.2-1. The data demonstrate expected seasonal changes in temperature 

and dissolved oxygen, while conductivity and pH were relatively stable. The data are 

consistent with historical trends and indicate that these water quality parameters in Lake 

Anna and the WHTF are within the values to support a healthy fishery. 
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Table 3.2-1 Surface water temperature (C°), conductivity (umbos), pH (standard units) and dissolved oxygen (mg/1) 
recorded at time of giU net sampling during 2013 

February 
Gill netting Stations Temperature Conductivity pH Dissolved 

Oxygen 

May 
Gill netting Stations Temperature Conductivity pH Dissolved 

Oxygen 

LAGOON 1WHTF 20.2 58 7.0 11.09 LAGOON 1WHTF 23.6 60 6.5 9.0 

LAGOON 3 WHTF 13.4 57 6.8 10.3 LAGOON 3 WHTF 22.4 59 6.5 8.8 

DIKE3 DISCHARGE LAKE 11.5 56 7.2 10.5 DIKE3 DISCHARGE LAKE 20.4 60 6.5 8.3 

LEVY CREEK 9.8 56 7.0 10.9 LEVY CREEK 20.3 60 6.5 8.8 

NORTH ANNA ARM 5 5 65 6.9 11.7 NORTH ANNA ARM 20.3 60 6.9 9.0 

THURMAN ISLAND 7.8 56 7.0 11.5 THURMAN ISLAND 19.7 59 6.8 9.4 

August 
Gill netting Stations Temperature Conductivity pH Dissolved 

Oxygen 

November 
Gill netting Stations Temperature Conductivity pH 

(S 

Dissolved 
Oxygen 

LAGOON 1 WHTF 36.5 62 7.1 6.6 LAGOON 1WHTF 23.3 62 7.3 9.0 

LAGOON 3 WHTF 32.8 61 7.5 7.5 LAGOON 3 WHTF 19.1 59 7.1 8.8 

DIKE3 DISCHARGE LAKE 30.0 63 7.0 6.0 DIKE3 DISCHARGE LAKE 17.0 61 7.2 8.7 

LEVY CREEK 29.5 62 7.2 6.3 LEVY CREEK 15.7 61 7.0 9.2 

NORTH ANNA ARM 27.7 64 7.3 8.6 NORTH ANNA ARM 11.5 64 6.7 11.2 

THURMAN ISLAND 28.5 61 7.0 THURMAN ISLAND 14.8 60 6.7 9.3 



Nineteen species offish representing seven families were collected in Lake Anna 

and the WHTF by quarterly gill netting in 2013 (Table 3.2-2). 

Table 3.2-2 Fishes collected in Lake Anna and the WHTF by giU netting during 2013 
FAMILY SPECIES LAKE WHTF 

Catostonmdae CmptWea cxprimis X 

AA%cof/o/Ma mocm/gpfdlo/z«v*% X 

Centiamhidae I^pomiy mtwroc/iirMf X X 

Agpomi; mKTv/op/wf X X 

AArtipffni; faAnoidlef X X 

f omoxiy n(gmmac«Zof«f X X 

Ckipeidae DoruMWMo ct^^zWwm X X 

DorofOTMa pe/ewwe X X 

Cyprmidae Cxprzwdb oWoj/WM X 

Cxprwiff cwpio X X 

^of /wdkonmf X X 

Ictalundae cofiw X X 

j4mgwn«%y fwz/o/i; X 

Vc/a/tvnw /«rcaf X 

Vc/a/Mniy /ww/gf X X 

Moronidae M)row omerfcono X X 

Morow &#%a/f*% X X 

Percidae f ercayZcrvefcg/K X 

v&rewf X 

Table 3.2-3 presents the gill net catch data by species and season at lake stations 

in 2013. The numerically dominant species collected in the lake were White Perch 

Morone amerfcana, Gizzard Shad Doroaoma cepg(6am«vM, Channel Catfish /c/a/Mrwa 

/TWKVafzw, Black Crappie Pomoxif m ômacz«Yaf%r and Striped Bass Morone sazoff/if. 

These five species represented 82% ofthe gill net catch by number. 
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Table 3.2-3 Gill net summary for pooled lake stations during 2013; Number and Weight (g) 

FEBRUARY MAY AUGUST NOVEMBER TOTALS % OF TOTAL 

SMR3ES N U M B E R W E I G H T N U M B E R W B K M T N U M B B K W B O H T N U M B E R WEIGHT N U M B E R WEK3HT N U M B E R WEIGHT 

Morime amcncana 21 11 17 0 31 3297.0 12 732J 69 l - H l l l i 133 6606 23% 4 * 

Dorosoma cepedianum # 24*7.0 24 611*0 69 7364.0 16 2943.0 118 19113 20% I I S 

Iclalunis punclaius 32 5773.0 31 12*15.0 22 14 0067.0 #9 33005 1 3 * 1 9 * 

Pomoxis mgromaailanis 6 623.0 @i : i 441.0 *2 4642.0 1 217.0 7* 5922 1436 3 * 

Morone saxalilis i : 10672.0 11 00*2.0 11 4790.0 20 210310 35 453*3 10% 

Anieiurus cams 16 22*10 10 1017.0 9 063.9 7 962.0 42 5127 7% 3 * 

Microprerus salmoides 2 21*10 3 19930 7 2343.4 5 2436.0 17 *9S7 3% 3 * 

Cyprinus carpw 2 7659.0 5 15140.0 6 19603.0 1 3063.0 14 45541 2% X * 

Dorosoma pelenense 1 6.0 7 63.1 5 41.0 13 110 2% 0 * 

Moxosioma macrolepidotiim * 3611.0 2 1060.0 6 5471 1% 3 * 

I.epomts macrochirus I 2 41.4 11 7.0 3 48 1% 0 * 

Ameiurus nalalis 1 426.0 1 425 036 0 * 

Cy/irinella analoslana 1 3 * 0 1 11.0 2 19 0% 0 * 

/.epomis micmlophus 1 130.0 1 150 0% OK 

Nolropis hudsomus # 19.0 M 1 19 0% 0 * 

I'erca Jlavesccns 1 10.0 i 10 0% 0 * 

Sander vilreus 1 190.0 I 190 0% 0 * 

fulmli , 93 J t m i l 127 4*^356 211 50,718 145 434230 S7A 176,123 Hid"/,, 1*0* 

The numerically dominant species collected by gill netting in the WHTF in 2013 

were Gizzard Shad followed by Channel Catfish, White Perch, Striped Bass and 

Common Carp C%pn?nw cwpio (Table 3.2-4). Together these species represented 84% 

of the number of ftsh collected. 

Table 3.2-4 Gill net summary for pooled WHTF stations during 2013; Number and Weight (g) 

FEBRUARY MAY AUGUST NOVEMBER TOTALS % OF TOTAL 

SPECIES N U M B E R WEIGHT N U M B E R W T - K j i r r N U M H L R W U G H T N U M B I - R W i a U H T N U M I U 3 1 W I I C I I T N U M B E R WEIGHT 

Dorosoma cepediammi 31 125320 33 12061.0 15 4636.0 22 #725.0 M l 31974 35% 23% 

Icialurus punctatus 21 239317 15 10149.0 21 0155 A 6 106037 O 43326 22% 20% 

Morone laneruxaui 12 1533 0 4 133.0 2 132.0 21 #26.0 39 262* 13% 2 % 

MoroiK saxalilis 7 OI7&0 12 10649.0 4 3O660 23 21*91 1 % 13% 

('yprinus carpio 5 11490.0 10 24760.0 3 3267j) 18 39323 *% 24% 

Ameiurus catus 4 5710 1 I 6 & 0 10 1229.0 13 19*3 3% r% 
Mkroplcms sahnoides 3 2773.0 1 209.0 8 2130.0 1 4*6.0 13 539* 4 % 3% 

Dorosoma peteiieme 5 42.0 2 17.0 7 39 2 % 0% 

I'omoxis mgromaculatus 3 13970 * y 1391 1% 1% 

Carpiodes vyprinus 2 3129 0 2 3Q@ 1% 2 % 

l.epomis microlophus 1 137.0 1 143.0 2 2*0 1% 0% 

• '.«»•«> fiircalus 1 70000 1 7000 0% 4 % 

l.epomis mucrodnrus 1 43.0 1 43 0% 0% 

Noiropis huasoiilus I 110 1 11 0% 0% 

ToaU* 0* 41432 *3 5»L325 48 I 5 J 3 9 72 2NJ124 209 1 6 4 3 4 * u w r i iiui-%. 

The 2013 CPUE (#/net nighl) for the top 5 gill net species for the lake and 

WHTF were compared to their 1981-2012 historical averages and are presented in table 

3.2-5. 
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Table 3.2-5 CPUE (# per net night) for the top 5 species, 1981-2012 averages and p-
values (1 sample T-test; 95%CI) for gill netting samples in the Lake and WHTF 

Lake 
2013 81-'12 Average 

CPUE CPUE CPUEID-value) 

8.31 4.81 0.000 
7.38 10.25 0.001 
5.56 3.82 0.000 
4.88 4.17 0.040 

3.44 3.05 0.217 

Species 

Morome mmer/cama 
Dorojoma ceref/wnwrn 
/cfa/wrw pMwcfafMJ 

fomozw negromacw/aAur 

A^orone ja%af//« 

Species 

Dorofomo ce/Tê fanwrn 

/cfo/wrw pwncfofws 

AYorone omerfcono 
AYorone ja%a/f/« 
Qy?r/nMJ cwpfo 

2013 

CPUE 

1263 

7.88 

4.88 
2.88 
Z25 

WHTF 
81-12 Average 

CPUE 
8.92 
10.45 
3.73 
1.01 
1.62 

CPUE (p-value) 

0.000 

0.004 

0.013 
0.000 
0.013 

In the lake, White Perch, Channel Cattish and Black Crappie had a CPUE that 

was significantly higher than the 1981-2012 average. Striped bass CPUE for 2013 was 

higher than the historical average but the difference was not significant. Gizzard Shad 

CPUE was significantly lower than the 1981-2012 average. 

In the WHTF, Gizzard Shad, White Perch, Striped Bass and Common Carp had 

a CPUE that was significantly higher than the historical average. Channel Catfish had a 

CPUE that was significantly lower than the historical average. The CPUE for the 2013 

numerically dominant gill net species in the lake and WHTF are displayed graphically 

from 1981-2013 in Figure 3.2-2 and Figure 3.2-3. 
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Figure 3.2-2 CPUE (#/net night) for the 2013 numerically dominant gill net 
species for the lake 1981-2013 

White Perch Channel Catfish Striped Bass 

25 -| 

20 

15 

Over the last 32 years, Striped Bass and Channel Catfish catch rales have been 

slowly increasing in the lake. White perch catch rates were declining from 1981-1994 

but have been increasing ever since (Figure 3.2-2). Striped bass recruitment is driven by 

the DGIF stocking program while white perch and channel catfish reproduce naturally in 

the lake. 

Black Crappie and Gizzard Shad catches at the lake stations show high annual 

variability, yet have a consistent presence in lake gill net samples. Black Crappie and 
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Gizzard Shad gill net eatch rates seem to increase and decrease together as seen in Figure 

3.2-2.Totestmrarelationship, the CPUE for Black Crappie and Gizzard Shad were 

compared usingaregression analysis within alpha level ofO.O^. Although ecological 

niehesofBlack Crappie and Gizzard Shad may overlap slightly in Lake Anna, there does 

not seem to beasmtistieally significant relationship between their relauveabund^ 

(p^0.08^). in the WHTF,channeleatfish have shownahighly variable eateh rate over 

time. White Perch and Striped bass catches appear to be slowly increasing over the last 

few years (Figure 3.2-3). 

Gizzard shad gill net cateh rates in the WHTF are highly variable, as in the lake, 

and appear to be slowly increasing over time (Figure3.2-3). Gizzard shad 8re pelagic 

(open water) schooling species. Targe schools of shad ê n inflate the CPUE causing 

large fiuetuations in catches among years. Common Carp have beenaconsistent member 

ofthe gill net catch. High carp densities have been known to cause ecologiealh^rm in 

shallow lakes ̂ nd ponds by increasing turbidity and lowering maerophyte (plant) 

production through their feeding habits. Conm^onearp are omnivorous and feed on 

benthic organisms, algae, terrestrial insects and aquatic plants (^enkinsl^3)wn^ 

causes the stirring up of silt and uprooting of aquatic plants. Although there isasteady 

presence ofin the WHTF,we have not observed evidence of these eeologicalimpaets 

from the carp. 
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Figure 3.2-3 CPUE (#/net night) for the 2013 numerically dominant gill net 
species for the WHTF 1981-2013 

White Perch Striped Bass Channel Catfish 

25 -j 

20 

Gizzard Shad Common Carp 

^ m ^ m ^ m ^ w m w ^ ^ m ^ 
Channel Catfish, Striped Bass, White Perch, Black Crappie and Gizzard Shad 

have commonly ranked high in the gillnet catches in the lake and WHTF. Their 

consistent presences in the gill net samples indicate a stable species composition in the 

lake and WHTF. 
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3.3 FishPonulationStudies-Fleetrofishing 

Methods 

Boat electrofishing was used in 2013to evaluate the assemblage and abundance 

offish nonulations which normally occupy û e shoreline habitat. Sampling was 

conducted in February,^fay,August, and November at each station (Figured.3-1). Each 

station is 100 meters in lengm and is sampled by electrofishing for approximatelylO 

minutes. Sampling smtions normally includeabrush pile except for the dike stations 

which are comprised of uniform rip-rap. It has been observed that the brush piles have 

degraded at some of the electrofishing stations including LagoonlCove, North Anna 

Arm and Lower Lake Cove.The reduction ofbrush piles has altered the habitat available 

for fish which may affect electrofishing results. Standard physicochemical 

measmementsofsmmce water temperatme^C), dissolved oxygen(mg/l),prl and 

Figure 3.3-1 t^atiousorelectro^hiugstatieuso^ 

. ^ ^ ^ ^ ^ ^ 

^ 



conductivity (umhos)wcrc recorded at the time of each sample collection. 

All fish collected were cither returned to the laboratory for processing or released 

in the field, i.e.,larger game fish were mcasmcd,wcighcd, and released in the ^ In 

the laboratory,fish were sorted by species and up to 25 individuals per species from each 

station were measured for total lcngth(mm)and weighed (g). The remaining iish (per 

spccics^wcrc enumerated and bulk weighed. CPUE was calculated as the number of fish 

collected per hour of clcctrofishing. CPUE for 2013was compared to historical averages 

of CPUE usingaonc sample t-tcstwitha95%Ci. 

Results and discussion 

Physicochcmical measurements recorded at each station during clcctrofishing 

surveys arc presented inTablc3.3-1. Seasonal changes in water temperatures and 

dissolved oxygen were noticeable and expected while conductivity and pH remained 

relatively stable. The data arc consistent wim Instorical trends and indicate that these 

water quality parameters in Take Anna and the WHTT arc witlrin the values to ŝ ^ 

Surface water temperature (C*l conduclivky (umbos), pH (siandard unks) and dmsolved o^gen (mg/I) recorded al 
time of clcctrofishing sampling during 2013 

February 
Elect rofishuiK Slat ions Temporal uic Conductivity pH Dissolved 

Oxygen 

Ahy 
Electrofishing Stations Temperature Conductivity pH Dissolved 

Oxygen 
LAOOON 1 WHTF COVE 1964 50 690 110 I.AOOON 1 WHTF COVE 23 02 60 693 9.0 

LAGOON 1 WHTF DIKE 19.94 5: 610 109 LAOOON 1 WHTF DIKE 23 00 60 602 #9 

LAOOON3 WHTFCOVE I3J3 57 6.80 103 LAOOON) WHTF COVE 2220 59 650 0.7 

LAOOON 3 WHTF DTKE 13.00 57 8.00 104 LAGOON 3 WHTF D K E 21 09 60 &90 8 7 

DIKE 1 LAKE 773 56 7.00 113 DIKE 1 LAKE 21.00 60 6.90 0 7 

DIKE3LAKE I09# 57 7J0 107 DIKE 3 LAKE 19.57 60 6J0 0.1 

LOWER LAKE COW 9.93 57 685 101 LOWER LAKE COVE 21 05 60 6.00 05 

NORTH ANNA ARM 5 15 66 6.50 116 NORTH ANNA ARM I 9 J 6 59 6.90 0 7 

THURMAN I t A M ) 764 56 690 115 THURMAN I & A N D 20.27 59 6*0 9.1 

August November 

Electrofishing Sal ions Temperature Conductivity PH Dissolved 

0*y*m 
Electrofishing Stations Temperature Conductivity PH Dissolved 

OKygmn 
LAOOON 1 WHTF COVE 34 94 62 7J0 65 LAOOON 1 WHTF COVE 23 60 50 720 9 2 

LAOOON 1 WHTF DIKE 35 70 61 730 64 LAGOON 1 WHTF DIKE 23.11 62 7.30 9.5 

LAOOON 3 WHTF COVE 3204 61 7.50 7.6 LAOOON 3 WHTF COVE 19.12 59 7 10 9.0 

LAOOON 3 WHTF DIKE 32 45 61 750 75 LAGOON 3 WHTF DIKE 17 98 61 7 10 0 0 

DIKE 1 LAKE 20 JO 62 7 10 6.0 DIKE 1 LAKE 1399 60 670 95 
DIKE 3 LAKE 30.50 62 7.20 63 DIKE 3 LAKE 17 10 61 720 0.7 

LOWER LAKE COVE 29 60 62 7 10 67 
20 

LOWER LAKE COVE 15.70 61 720 9.4 
NORTH ANNA ARM 27 60 65 7.50 #7 20 

NORTH ANNA ARM 10 56 65 7 10 111 

THURMAN ISLAND 27.70 64 7.30 OA THURMAN ISLAM) 1422 60 6.90 9 2 



healthy fishery. 

Twenty-three species offish representing nine families were collected by 

electrofishing in the lake and WHTF in 2013 (Table 3.3-2). 

Table 33-2 Fishes collected in Lake Anna and the WHTF by ekctmGshing diiring 2013 
FAMILY SPECIES LAKE WHTF 

AngnThrlne n̂g«iZ&z roffnzfo X 

Ceidraichidae Z^pomi; awiAif X X 

Z^pomi; cyongAiy X X 

Z^pomi; X 

Z^pomi; guZofMg X X 

Agpomi; macmcAfnt; X X 

Z^pomi; micro&yAiiy X X 

MicropferMf faZmo&jgy X X 

Pomoxic /̂ grumecM/oAt; X 

Cbpeidae /?fg% 6̂AwiengMf X 

Z)onwomo ctipeaYo/H n̂ X X 

Z)o/womo per enenae X 

Cyprinkiae LjpriMMf ca/pzb X 

TVb/ropK AugboMWf X X 

A/bfyiopK pnocne X X 

Cyprrnxxlontidae (fiapAwwf X 

Ictaluridae ^mewrwf coZwj X 

^4mgwn«v X X 

^mewn%y X 

Ẑ a6«Tug/7%«7icfaA*g X X 

Moromdae M^rowe omericawz X 

Percidae Perca/ZavgycgMf X 

PoecDndae Gamlwia Ao&nootf X 

Table 3.3-3 presents the gill net catch data by species and season at lake stations 

in 2013. The numerically dominant species collected in the lake were Bluegill Zdpomif 

macroc&inw, Largemouth Bass Mcrqp/erMf Wmoidkr, Green SunGsh Agpoww 

, Threadfin Shad Doroaoma and Redear SunAsh Ẑ pom&y 

mfcro/qp/wf. These 5 species represented 91% of the electmfishing catch by number. 
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Table 3.3-3 Electrofishing summary for pooled lake stations during 2013; Number and Weight (g) 
FEBRUARY MAY AUGUST NOVEMBER TOTALS % OF TOTAL 

SM&TES \ l V I I I K WEIGHT NIMHKK WFXHIT N I M H a WEIGHT NUMHhR WEIGHT NUMBER WEIGHT NUMBER WEIGHT 

l.epomis mairochirus 625 I I 9 I 4 J 175 19*3 4 139 225*9 1034 15265 3 1993 31432 73% 34% 

Microplerus salmouies 69 190604 20 9446 ) 17 21668 46 304*0 132 36619 6% 40% 

l.epomis cyanelhis a 667 2 27 412.3 16 42* 1 42 1090 143 2277 3% Z% 

Dorosoma peienense 91 1216 91 123 3% 0% 

l.epomis microhphus 44 20999 12 5*7: 3 191* 31 6647 90 3320 3% 4% 

/.epomis aurinis 16 12237 I I 40*7 9 2312 36 16796 72 3332 3% 4% 

l.epomis p t i M t l 14 R7R: 8 3*3« 4 113.4 33 0610 30 2240 2% 2% 

I'erca flavescens 6 22*0 19 396,0 13 174 0 30 1001 1% 1% 

Ameiurus alius 17 4499 1 17.0 18 467 1% 1% 

Dorosoma cepcdianum 1 33&0 2 2440 13 16069 1 4210 17 26*9 1% 3% 

I'omoxis mgromaailatus 9 1*56.0 3 1940 4 49.0 16 2099 1% 2% 

Morone amenama 4 2530 5 2340 2 200 11 307 0% 1% 

Alosa pseudoharen%us 4 1 1 4 2 0% 0% 

nil. in nr. lluplvmUS 2 39 2 4 J 4 10 0% 0% 

l.epomis gibhosus 1 122 3 113 0 4 125 0% 0% 

hialurus punctatus 1 4720 2 2112 3 #90 0% 1% 

Nolropis hudsonius 2 14.2 1 14 3 16 0% 0% 

Ameiurus nebulosus 2 6*15 2 67 0% 0% 

Nolropis proaie 2 2.6 2 3 0% 0% 

Ameiurus nalalis 1 : 350 I 330 0% 0% 

Anguilla roslrala 1 750 1 750 0% 1% 

Cyprimis carpio 1 3330 1 3550 0% 4% 

Twal- #33 37,105 2** 17,445 346 I2X?3 1.266 z&orni 2.723 92.103 100% 100% 

The numerically dominant species collected by electrofishing in the WHTF in 

2013 were Bluegill, Largemouth Bass, Green Sunfish, Redear Sunfish and Channel 

Catfish. Together these species represented 98% ofthe number of fish collected. 

Tmhk3J-4 Klectroilshing summary for pooled W H T F stations during 2013; Number and Weight (g) 
FEBRUARY MAY AUGUST NOVEMBER TOTALS % OF TOTAL 

SPBCIES NTJMRIDX WEIGHT NUMBER WEIGHT NUMBER WEIGHT NUMBER WEIGHT NUMBER \vi .mi n NUMBER w i j f i i n 

litpomk macrochinis 173 23391 iom T7307 39 BI30 630 06302 900 13733 #3% 53% 
Micropierus salmmdes Z3 3601 0 15 I7M.0 6 *&4 17 1777.1 61 7240 3% 34% 

ijspomis eyamBm 9 175.1 9 103.9 9 944 31 20O6 30 634 3% 2% 
I.c/ximis microliiphux 13 21*6 4 m&6 1 2R6 23 474A 41 mm 3 * 3% 
Iclulunis pimclatus 2 574.0 m 2427.0 3 10110 S 107.0 10 4120 2 * M % 
l.epomis aurihis 2 72.3 3 6R7 6 125.3 13 266 1% 1% 
l.epomis gulosus 1 116.0 119.0 2 64.2 4 309 8 330 1% 1% 
Nolropis hiidsonms 2 42 2 4 OX 0% 
.•Imemrus nulalis ' 440 I 44 0 * 0% 
1 hirosoma i vpcilmmim I 4310 Ii 432 OK 2% 
(iamhiisia holhrooki ; i • • 0.1 0 0% 0% 
Nolropis procnv 1 1.5 1 2 OK 0% 

I.HMls 224 7.2*0 147 8.280 85 2,147 734 11,961 1,195 2*^07 IINI% !«#% 

The 2013 CPUE for the numerically dominant electrofishing species for the lake 

and WHTF were compared to their 1981-2012 historical averages in Table 3.3-5. 
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Table 3.3-5 CPUE (#/hr) for the top 5 species, 1981-2012 averages and p-
valucs (1 sample T-test; 95%CI) for electrofishing samples in the Lake and 

WHTF 

Lake 
2013 81-12 Average 

Species CPUE CPUE CPUE (revalue) 

Aezwmw mecfvcAfn*j 597.40 653.10 0.154 
McfTOBferwa fa6mof</« 45.56 36.20 0.002 
Zgpomw cyamg#MJ* 4186 44.70 0.776 
Dorojomo pef^nf 27.28 280 0.000 
Afpomw mfcro/ppAwj 26.98 30.30 0.226 

WHTF 
2013 81-12 Averaee 

Soecies CPUE CPUE CPUE (D-value) 
Acywmw mocmcAfrifj 371.95 761.50 0.000 
Mfcropfemy ao/mowdgj 22.92 29.60 0.004 
Zgpomu cyow 21.79 35.60 0.001 
Ag/wmu wocro/o/)/:%t$ 15.40 25.00 0.002 
/c/a/wrwa /?«MC&zA<f 6.76 2.50 0.000 
*Lepomis cyanellus first appeared in samples in 1997 in the WHTF and 1998 in the lake 

In the lake, Largemouth Bass and Threadfm Shad had a 2013 CPUE that was 

significantly higher than the 1981-2012 average. The differences among BluegiH, Green 

Sunfish, Redear Sunfish and their historical averages were not significant. In the 

WHTF, Channel Catfish had a CPUE that was significantly higher than the 1981-2012 

average and BluegiH, Largemouth Bass, Green Sunfish and Redear Sunfish had catch 

rates that were significantly lower than the historical average. The CPUE for the 2013 

numerically dominant electrofishing species in the lake and WHTF are displayed 

graphically from 1981-2013 in Figure 3.3-2 and Figure 3.3-3. 
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Figure 3.3.2 CPUE (#/hr) for the 2013 numerically dominant electrofishing species for 
the lake 1981-2013 

•Largemouth Bass -Green Sunfish 
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In the lake, annual electrofishing CPUE for Largemouth Bass has been on an 

increasing trend since its low in 2003 (12.3). Green Sunfish CPUE has also been on an 

increasing trend since its introduction in the lake, 1998, but it has recently appeared to be 

stabilizing around the historical average of 44.7 fish per hour. Redear Sunfish have 

consistently been seen in lake electrofishing samples while Threadfin Shad's presence in 

the samples has been more inconsistent Redear Sunfish is a shoreline species and would 

be expected to be collected by electmfishing. Threadfin Shad are an open water (pelagic) 

fish which is less frequently seen in shallow water where our electrofishing samples are 
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conducted. Periodically, large schools of shad are encountered and collected which 

inflates the catch rate. CPUE for BluegiH have been slowly increasing in the lake 

samples over the last 32 years (Figure 3.3-2), yet lake BluegiH CPUE in 2013 (597) is 

down from historical high catches in 2011 (1,173) and 2012 (1,061). The 2011 and 2012 

BluegiH catch rates were inflated by exceptionally large November samples at the 

Thurman Island station where 2,603 and 2,376 BluegiH were collected respectively, 

which are calculated as 15,618 and 14,256 fish per hour of electrofishing. 

Figure 3.3.3 CPUE (#/hr) for the 2013 numerically dominant electrofishing species for 
the WHTF 1981-2013 
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L a t g e m O U m B a S s G F U E i n t h e W H T F h a s r e m 

among years. Green Sunfisb first appeared in WHTF samples in!997 and increases in catches 

were seen shortly after their introduction. Green sunfish catches in the WHTF have been ona 

decline since they reachedahigbofl82 fish per hour in 2006. Redear ^unfisbGFUL in the 

WHTF has also been decreasing in the WHTF since 200^ wbereGFUF peaked at 76 fish per 

bom, but seem to be stabilising at about 15fish per horn. Channel Catfish have been collected 

fairly consistentlyin WHTF electrofishingsamplesatverylowcatcbratesbuthi^^^ 

are mund in the gill net collections.This is because Channel Catfish are more susceptible to 

nets than electrofishing due to their tendency to inhabit deeper water. Altbougb sunfish CFUF 

numbers bave been decreasing in the last icw years, they still remain the dominate species group 

in the WHTT electrofishing catches. 

Biological systems 8tebighly complex and are influenced by many environmental 

factors. It is difficult to determine exact causes ofchanges seen in sampling results especially 

since tbere are so many natmal shines in reproduction, growth, survival and distributions of 

aquatic organisms. Gverall, electrofishing results in 2013continue to showabalanced, 

indigenous fisbcommunityin the lakeand WHTF and pbysicochemicalparameterswi^ 

ranges to supportahealthy fishery. 

3.4 Shellfish-Corhicula 

methods 

Asiatic clam C ^ ^ ^ ^ ^ ^ ^ were collected in April and Gctobero 

^ommmsmtions,twointhelaxeandtwointheWHTF^Figme3.41).Thesm^ 
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methods were based on stations and methods trom previous smdies. Asiatic clams have 

been monitored sincel^^ldue to their potential to cause biomuling issues. 

Tom replicate grabs were taken at each sampling location using an El^an dredge 

withas8mplingareaof0.25^^0.023m^. Each replicate was washed intoastandard ^30 

mesh sieve bucket and preserved in the tieldwitb Rose Bengal stained isopropyl alcohol, 

samples were returned to the laboratory mr processing. 

Results and discussion 

The total number of clams collected per replicate grab in 2013 is illustrated in 

Table 3.4-1. Replicate totals ranged from a high of 154 collected at WHTF-3 to zero 

which occurred at WHTF-1. 

Table 3.4-1 Total number of CorAfczJa/7«me:ea collected per rephcate sample by station 
at Lake Anna and WHTF in 2013 (*No Clams Taken) 

4V10/2013 

Station Rep 1 Rep 2 Rep 3 Rep 4 Total Densky (#/m )̂ 

Mid- Lake 18 6 5 1 30 326 
Intake 3 4 8 6 21 228 

WHTF-1 2 * * 4 6 65 
WHTF-3 144 78 154 115 491 5337 

10/17/2013 

Station Rep I Rep 2 Rep 3 Rep 4 Total Density (#/nf) 

Mid- Lake 3 2 1 6 12 130 
Intake 2 15 2 2 21 228 

WHTF-1 * * * * * * 

WHTF-3 16 19 10 28 73 793 

Size class data for Asiatic clam by sampling station are presented in Table 3.4-2. 

The majority ofthe clams collected in the spring samples were less than 15 mm in total 
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length, or less than one year of age (90%). In the fall samples, 80% ofthe clams 

collected were less than 15 mm, or less than one year of age and 20% ofthe clams 

collected were in the 16-28 mm size class, or ̂ proximately 1-2 years of age. The 481 

clams that were caught in the spring at WHTF-3 (< 15mm) most likely coincided with a 

spawning event as seen in the past 

Table 3.4-2 Size classes ibr Cor6ic«&y/&w»wea collected by 
station at Lake Anna and WHTF in 2013 

4/10/2013 

< 15mm 16-28mm 29-34mm > 35rnm 
Station (0-1 yr) (1-2 yr) (2-3 yr) (3+yrs) 

Mid- Lake 19 11 
Intake 18 3 

WHTF-1 6 
WHTF-3 481 10 

10/17/2013 

< 15mm 16-2 8mm 29-34mm > 35mm 
Station (0-1 yr) (1-2 yr) (2-3 yr) (3+yrs) 

Mid- Lake 8 4 
Intake 17 4 

WHTF-1 
WHTF-3 60 13 

Figure 3.4-1 is a comparison ofthe average number of clams collected in surveys 

from 1991 to 2013. The average number of clams collected ranges from a high of 201 

collected in 2011 to a low of 37 collected in 1993. Historically, Asiatic clam abundance 

in Lake Anna has not caused a biofbuling concern at the North Anna Power Station. 
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Figure 3.4-1 Average number of Corbicula fluminiea collected at all stations in Lake Anna and WHTF 
1991 2013. 
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Figure 3.4-1 and 3.4-2 show the R* value ofthe regression (0 -1) which measures 

the predictability ofthe line or how well the regression matches the original data points. 

Since the number of clams collected annually is highly variable (R* = 0.0005), the data 

were graphed by sampling station and shown in Figure 3.4-2. Decreasing trends are 

apparent in the individual sampling stations with regression lines with negative slopes 

including Intake (-8.3) and WHTF-1 (-2.3). The WHTF-3 and Mid-Lake stations had 

increasing regression lines with a slope of 9.0 and 1.0 due to the periodic high catches of 

young clams. 
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Figure 3.4-2 Number of Corbicula Jluminiea collected per station at Lake Anna and the WHTF in 2013 
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Overall, the data for Asiatic clam show highly variable catches from year to year 

with decreasing average catch in the WHTF-1 and Intake stations indicating a reduced 

risk for biofbuling. Size distributions of clams suggest that high catches of clams are 

driven by spring spawning events but the majority of those young clams do not move into 

the older year classes. 
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4.0 North Anna River 

4.1 Temperature 

Methods 

Water temperatures (°C) were recorded hourly at station NAR-1 in the lower 

North Anna River during 2013 (Figure 4.1-1) using a Solinst Levelogger (±0.1 °C) 

temperature recorder. Station NAR-1 is located approximately one kilometer below the 

Lake Anna dam. 

Figui e 4.1-1 Location of North Anna Riv er temp erature recording stations. 

Results and Discussion 

Temperature data from the North Anna River is summarized in Table 4.1-1. Due 

to an error in the data logger setup, continuous temperature data at station NARIV601 was 

not captured during the months of July and August, and limited data was captured for June 
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(n=106) and September (n=464). A water temperature reading (28.7"C) was collected at 

NAR-1 during the routine eleclrofishing survey on July 31,2013 at 09:40, which is in 

range of expected values for July. The maximum recorded temperature in 2013 was 

30.2"C in September. Historically, the maximum water temperature has occurred in July 

or August Winter water temperatures at NAR-1 recorded in 2013 had a minimum 

monthly mean of 10.8"C recorded in January and a minimum hourly temperature of 7.8" 

C, also recorded in January. 

32 



Table 4.1-1 Mean, maximum, and minimum hourly water temperatures 
(C) recorded in the North Anna River, at station NAR-1 by 
month during 2013. Sample size (n) equals the number of 
hourly observations recorded each month 
* denotes missing data 

NAR-1 

Month Mean Max Min n 

January 10.0 12.4 7.8 744 

February 9.6 11.1 8.5 672 

March 10.6 13.1 8.6 744 

April 15.4 18.7 11.5 720 

May 19.5 26.3 14.2 744 

June 24.3 26.4 23.0 106 

July * * * 0 

August * * * 0 

September 25.2 30.2 22.6 464 

October 21.5 26.0 17.6 744 

November 15.6 20.1 11.8 720 

December 11.6 13.9 10.0 744 
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Fish Population Studies-Electrofishing 

Methods 

Abundance and species composition data for the North Anna River fish 

assemblage in 2013 were collected during electrofishing surveys. Consistent sampling 

techniques have been used in all North Anna River electrofishing surveys. 

The locations ofthe four electrofishing stations are shown in Figure 4.2-1: NAR-1 

(Route 601 Louisa Bridge); NAR-2 (Route 658 Bridge); NAR-4 (Route 601 Hanover 

Bridge); and NAR-6 (U.S Route 1 Bridge). An approximately 70 meter reach of 

Figure 4.2-1 Location of North Anna Riv er eledroMiiig stations. 
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riffle/run type habitat is sampled at each station wim an electric seine Prior to sampling, 

each reach is blocked at the downstream end witha6.5-mm mesh net. Sampling is 

conducted by working me electric seine from bank to bank inazigzag patterns 

upstream to tbe downstream end ofthe section. Neatby pool type babitats are then 

sampled mrlOminutes of effort withabackpackelectrofisher. Fish sampled by electric 

seine and backpack electrofisher are collected nsing6.5-mm mesh dip nets. 

Most t̂ sb collected ate preserved inlO%^rmalin and transported to the 

laboratory mr further processing. Some larger fisb are weighed and measured in the field 

and released. In the laboratory,amaximumofl5individual specimens of each species is 

weighed (g) and measured(mm-TL). If more than 15specimensofaspecies are 

collected, tbose in excess of!5are counted and weigbed in bulk. Electric seine and 

backpack electrofisher collections were then pooled by station and survey month for 

analyses. Analysis was also performed by using the average number of fish caught by 

gear and survey(CPUE). CPUE for 2013 was compared to the historical means usingal 

sample t-testwitha95%Cf. 

Sample frequency mr electrofishing is typically once per montb each yeat in May, 

July and September. Consequently,this provides foratotalof24 river electrofishing 

collections mratypical sample yeat(May,July and Septembers 12electric seine and 12 

backpack). 

Results and Discussion 

Twenty-five species of fish representing eigbt families were collected by 

electtofisbingintheNormAnnal^vcrin2013(Tablc4.2-l).^ 

^ 



species richness in the Not^ Anna Rivet nas remained high wim 

Species richness was hignest at Station NA^ 

coiiected at each station. Species richness at the other two stations ranged h^oml6toi9 

species pet station 

Table 4.2-1 Fishes collected from the North Anna River during 2013 electrofishing surveys 

Family Species NAR-1 NAR-2 NAR-4 NAR-6 

Anguillidae Anguilla rostraia X X X X 

Calosuimidae /Vypenfe/mm mgrkonj X X X X 
7%o6wnwarWAoeca X 

Centrarchidae A*yom«<nfrA« X X X X 

/^p*%m6c)#anei%» X 
Ae/xww« m6*crocAfn» X X X X 
/^powa micro/op/ms x X 
Micropterus dulomieu X X 

AAro/^enw A ^ o w t j X X X X 

Cyprinidac QprimeAloafM^wfang x X X X 
L)*ArMn»ardkar X X X X 
^ocoww Aepf occpAaAw X X 
A^ocomu micropogw! X X X 

M#iopa anoemw X X X X 
/Vofropa Aw<i<KWM» X 
A/ofroyw/yocwe X X X X 
A/ofrqp» rw6e/A« X X X X 
j ^ o f f f w f corpomfk X X X 

Faocidae Esox niger X 

lctaluridac XmeAfw nakdk X X X 
Afofwnw w(gww X X X X 

Percidae AAeoaf oma o/mafedlf X X X X 
Etheostoma vitreum X 
Percina pellata X X X X 

Pctroiry/Dntidac //w&/*frg(ype«6r X X X 

In 2013, a total of 3,954 fish weighing 277.2 kg were collected by electmftshing 

in the North Anna River (Table 4.2-2). The total number of fish collected was highest at 

station NAR-1 and lowest at Station NAR-4. 
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Table 4.2-2 Number and weight (g) of fishes collected during May, July and August, 2013 electrofishing surveys of the North Anna River 

NAM NAM NAM NAM ToW 
Family Speck: Nunta Wdghl Number Wcighl Number Wcighl Number Wcghl Number Wdghl 

ctaluridae Ameiurus nalalis 2 210 1 40 1 19 4 2694 
Noturus insignis 64 4K.I 4 II 31 IN 10 43 109 7311 

Anguillidae Angu&mdnl: 2* 3524 32 505.4 62 1294 14 170 402 5,493.4 
Cyprinidae Cyprinclla anakostana K 524 163 447.4 94 33 236 5&5 579 19229 

Lythrurus ardens 257 704 39 7U 53 160.1 3: 329 3*7 9714 
Nocomis leplocephalus 30 4a 4 121 34 579J0 
Noconis micropogon 8 13 5 60 1 13 14 060 
Notropis amoenus 1 1 41 66.7 3 4.1 32 45.7 77 1115 
Nolropis hudsonius II 55 11 554 
Notropis procne 137 260 703 780 4 13 6# 59j 912 LI424 
Notropis rubellus 237 M 169 321.4 16 49.7 120 229.7 542 l,46U 
ScmodkcoipoiU: 12 400 24 361 6 97 42 M4 

Bwcidmc Esoxniger 1 4 i 44 
Pcrcidae Etheostoma olmstedi 25 5U II IIJ 7 102 5 4.7 4: #U 

Etheostoma vitreum 1 1 '3 1.0 
Percina pcltata 43 115.4 12 204 2: 77 17 31.5 100 2443 

Cdomloomimc Hypentelium nigricans 7 M 1 73 12 415 9 361 29 1,7174 
Thobumia rhothocca 2 169 2 1694 

Pelromyznntidae Lampetra appendix 2 15 1 5 9 30 12 504 
Ccntrarchidae Lepomis auritus 265 4790 61 10046 181 2732 73 7#46 * 9JII.2 

Lepomis cyanellus 1 21 I 214 
Lcpomis macrochims 39 606 1 107 1 53 1 50 42 #164 

Lepomis microlophus 8 347 2 23 10 3104 

Micropierus dolomieu 3 310 2 45 5 3554 
Mkroptcnwuhmida 4 402 3 454* 1 25 2 19 10 9004 

T«W 1X95 14419.1 IJSI J.945J 559 649 2;45.l 3#4 27,715j 

Number of species 19 16 20 20 25 

The total numbers offish caught electmfishing in the last 23 years were compared by 

survey, gear type and year (Figure 4.2-2). Survey results prior to 1990 were not separated by 

gear type so results from 1990-2013 were compared. Figure 4.2-2 shows the high variability in 

catch among surveys, but does not compensate for missed samples. In 2013, 1,960 fish (1,874 

seine, 86 backpack) were caught in the May survey (survey 1), 1,124 fish (1,031 seine, 93 

backpack) were caught the July survey (survey 2) and 870 fish (800 seine, 70 backpack) were 

caught in the September survey (survey 3). 

Since surveys and/or samples can be missed due to high flows, comparison of total fish 

numbers among surveys and years can be misleading. Therefore, a method to calculate the 
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average number of Ash caught per sampling station was developed and shows gear type, survey 

and year to represent a catch per unit effort (CPUE) to better compare fish numbers over time 

(Figure 4.2-3). 

Figure 4.2-2 Total numbers of fish caught electrofishing by survey, gear type and year 
1990-2013. "Denotesuseof DC seine 
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Figure 4.2-3 Average numbers of fish caught per station by survey, gear type and year 
1990-2013. "Denote*used DC seine 

• SEINE • BACKPACK 

500 1 
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400 

350 

Year / survey 

The minimum, maximum and mean CPUE per survey for the electric seine and 

backpack for years 1990-2012 are compared to CPUE for the electric seine and backpack 

for 2013 in Table 4.2-3. The mean CPUE per survey in 2013 was compared to the 

respective 1990-2012 mean using a one-sample t- test with a 95% confidence interval. 

The CPUE for the electric seine on surveys 1,2 and 3 in 2013 were 468.5, 257.8, and 

200.0 respectively. CPUE for all electric seine survey in 2013 were significantly higher 

than the historical means with p-values of 0.000 for each survey. The DC electric seine 

that was introduced on survey 3 in 2012 (Dominion 2013) was used for all three 

collections in 2013. 
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Table 4.2-3 Fish CPUE Summary m t k 1990-2013 

Electric Seine 
Survey Min 1990-2012 Max 1990-2012 Mean 1990-2012 CPUE 2013 T test p-value 

1 37.0 295.0 126.5 468.5 0.000 
2 26.8 321.3 82.7 257.8 0.000 
3 47.3 370.0 110.3 200.0 0.000 

Backpack 
Survey Min 1990-2012 Max 1990-2012 Mean 1990-2012 CPUE 2013 T test p-value 

1 8.5 79.5 32.5 21.5 0.019 
2 15.5 57.8 30.4 23.3 0.007 
3 13.3 60.5 35.2 17.5 0.000 

The CPUE for the backpack on surveys 1,2 and 3 in 2013 were 32.5, and 30.4 

and 35.2 respectively. CPUE for all backpack survey in 2013 were significantly lower 

than the historical means with p-values of 0.019 (survey 1), 0.007 (survey 2) and 0.000 

(survey 3). 

Electrofishing CPUE in the North Anna River is highly variable as can be seen 

from the large range of minimum and maximum CPUEs in Table 4.2-3. Although 2013 

electrofishing CPUE was higher on some surveys and lower on others; species richness 

has remained high in the North Anna River samples. 

4.3 Smallmouth Bass 

The DEQ approved monitoring plan for Lake Anna, WHTF and the lower North 

Anna River included a Smallmouth Bass MfcropferMf db/omfe« study to assess the 

potential effects of water temperature and river discharge on spawning success of 

smallmouth bass in the North Anna River below the dam. In order to obtain a better 

understanding of smallmouth bass spawning success in the river in relation to physical 
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variables (temperatme and discharge),ananempt to collectaminimum of 50 young-of-

year^O^and age one(l)tish was made in 2013.Otolims from collected t̂ sb 

examined by me Virginia Conm^onwealmUniversity^CU) Centers 

Studies to determine daily ages. 

Methods 

Multiple sampling methods have been used over the last êw years in an attempt 

to collect^O^smallmouth bass in the lower North Anna River. Multiple challenges 

were faced including limited access, drastic contour changes and the large sections of 

boulders and bedrock in the river. 

Atandem kayak outfitted with backpack electrofishing gear was initially used. 

The kayak was very good at navigating large sections of river and many^O^ were 

captured as they were seen from the boat. This method was sufficient mr collecting 

numbers of^O^over multiple trips but it did not have me electrical output needed to 

collect me^O^duringasusmined sampling run. A sustained sampling run is needed to 

quantify the catcbintoameaningml and repeatable relative abundance mat can be 

compared over time. In an attempt to overcome this challenge Aquatic Biological 

Monitoring Services^ABMS) was commissioned in August 2012 to conductasample of 

me North Amia River with meir zodiac electrofisbingboat.The zodiac elec^ 

comprised ofaMarkil zodiac boat outfitted withaSmith-RootType^l-A control box, 

single boom umbrella array anda5000W!Tonda generator. The zodiac electrofisher 

was used asatest to see i f i t was more effective than tbe kayak at delivering the level of 

current needed to captmesmallmoum bass in the North Anna River. Tbe test was 

deemedasuccessandanew zodiac electrofishing boat was purchased by dominion mr 
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YOY collections in 2013. Dominion's Zodiac boat was delivered and placed in service 

in October 2013 which is much later in the year than when previous sampling has been 

conducted, resulting in YOY fish which were older and harder to age than previous years. 

Daily ages are tar more difficult to count as a fish ages (David Hopler-VCU, personal 

communications, February 6,2014). A smaller than normal sample size of YOY 

smallmouth was collected in 2013 due to the shortened collection period. 

A sequence of five pools in the vicinity of NAR-5, where the powerlines cross the 

North Anna River in Noel, VA, was consecutively sampled on 10/16/2013 using boat 

electrofishing (Figure 4.3-1). Electrofishing was conducted in an upstream to 

downstream direction using pulsed DC. Sampling effort was measured by the amount of 

time that the electrofishing unit was energized and delivering current to the water. Bass 

were collected, measured for total length and released except for age one and YOY bass. 
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The age one andYOYbass collected fromYOYSampling as well as the population 

studies were retained, frozen and sent toVCU for identification and aging. 

Back-calculation ofspawning dates involved subtraction ofthe number of days 

required from spawning to swim-up(earlysmge of swimming up for t^odafler 

absorption ofegg or yolk sac is complete), days required from hatching to swim-up, and 

daily age from the Julian date of collection. River water temperature data front tbe 

NAR1^601^NAR-1 continuous temperature logger were used for calculation of days 

required from hatching to swim-up. River water temperatures collected at NAR-1 were 

also used along witb river discharge data, collected from me United SmtesC^ 

Survey (US^S) gauging smtion01670400 near Partlow,VA, to assess tbe potential 

effects of water temperatme and river discharge on spawning success and spawning 

dmation in me Norm Anna River.The accumulation ofheating degree days^degree days) 

greater tbanlO^C was examined in relation to tbe beginning, duration, and tbe end ofthe 

Smallmonth Bass spawning season, 200^-2013. Tbe accumulation ofdegree days greater 

tbanlO^C was calculated from mean daily water temperatmes and defined as the sum of 

tbenumberofdegreedaysgreatermanl^Cmralldaysprevioustoandinclud^ 

particular day from 4̂ 1 to 6^30^ 

wbere the temperature data was missing after 6/05^013. An example ofhow degree 

days werecalculated is presented inTable^.3-1. 



Table 4.3-1 Example of Heating Degree Day Calculation 

Date 
DmUy Avenge 

Wate r Te mpe rature Degree Days 
Accumulated Degree 

Days 
February 1,2008 
February 2,2008 
February 3,2008 
February 4,2008 
February 5,2008 
February 6,2008 

8.30 
8.93 
9.49 
10.08 
10.85 
11.69 

0.00 
0.00 
0.00 
0.08 
0.85 
1.69 

0.00 
0.00 
0.00 
0.08 
0.93 
2.62 

Results and Discussion 

Temperature and dissolved oxygen were recorded at NAR-5 on 10/16/13 and 

were 18.0°C and 8.9 mg/L respectively. Temperature was comparable to the 

temperatures recorded at NAR-1 (Table 4.1-1). In addition, 6 YOY smallmouth bass 

were collected in 2013. Age data derived from the YOY collected in 2013 were 

compared to data from 2008-2012. 

Smallmouth bass spawning habitat on the North Anna River tends to be in areas 

with low water velocities up to 0.2 m/s and water depths in the range of 0.44 to 1.76 m 

(Lucas 1993). These conditions are usually found in pools and backwater areas which 

allow the male smallmouth bass to construct a depression or nest in the substrate where a 

female will deposit her eggs to be fertilized by the male. After fertilization, eggs hatch in 

approximately two days and swim-up usually occurs in one to two weeks. Disturbances 

to the nest during this time will affect YOY smallmouth bass survival. 
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Eighty-eight percent (88%) ofthe YOY that were collected from 2008-2013 were 

spawned when river flows were less than or equal to 400 cfs. No YOY smallmouth bass 

were seen or collected in 2009, and flow for that year is presented in Figure 4.3-2. 

Multiple high flow events occurred in 2009 and may have impacted YOY survival. It has 

been suggested that flows less than 10 m'/s (353 cfs) do not limit spawning habitat for 

smallmouth in the North Anna River (Lucas, 1993). 

Figure 4.3-2 River flow measured at the USGS gage located at NAR-1 April-June 2009 

2500 T 

The Smallmouth Bass spawning season for each year was defined by the first and 

last calculated spawning dates, inclusive of those dates (Graham and Orth 1986). The 

annual spawning seasons 2008-2013 are presented in Table 4.3-2. The mean calculated 

spawning season length for 2008-2013 was 41 days with a high of 47 days in 2010 and 

2013, and a low of 33 days in 2008, exclusive of 2009 when no Smallmouth Bass were 

collected. 
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Table 4.3-2 Calculated Spawning Season of 
Smallmouth Bass in the North Anna River 2008-2013 

Year Duration Spawn Start Spawn End 

2008 33 5/11 6/12 
2009 * * * 

2010 47 4/10 5/26 
2011 42 4/28 6/8 
2012 36 5/5 6/9 
2013 47 4/30 6/15 

Smallmouth Bass spawning dates, degree days and river flow are presented in 

Figure 4.3-3. 

Figure 4.3-3 Estimated spawn date of YOY Smallmouth Bass, accumulated degree days (°C) and river flow (cfs) on the North Anna River 2008, 2010-2013 
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Lucus 1993, suggests tbatbigb river tiows during me spawning season can reduce 

spawning babitat. Tbis is apparent in Figme4.3-3asmwSmallmoutb Bass were spawned 

during bigbfiow events. Relationslnps between degree days and spawning dmation are not as 

apparent from me iigmessoacorrelation analysis was run, using Minimbsmti 

comparing tbe accumulated degrees 

spawning season witb an alpba level of0.05. Results are displayed in Figme4.3-4. 

Figure 4.3-4 Regression Analysis comparing Spawning Season Duration vs Deg. Days at the Start 
2008, 2010-2013 
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The negative correbton (i • -0.95) rndfcates that when 
DD Start Increases, Duration tends lo decrease. 

Tbe regression analysis found thai there is a significant (p=0.0T2) negative (-0.95) 

relationship indicating that the higher the degree days at the start of the spawning season the 

shorter the spawning season will be. A significant relationship does not imply that the degree 

days causes the shorter season, but only that duration decreases as * degree days start* increases. 

This analysis was also run comparing spawning season duration to the accumulated degree days 

at the end ofthe spawning season. Data for 2013 was omitted from the analysis since 
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temperature data was missing for the end ofthe spawning season. The regression analysis found 

that there was not a significant (p=0.170) relationship between the degree days at the end ofthe 

season and the duration ofthe spawn (Figure 4.3-5). 

Figure 4.3-5 Regression Analysis comparing Spawning Season Duration vs Deg. Day at the End 
2008, 2010-2013 
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In addition to the YOY analysis, data for adult and juvenile Smallmouth Bass caught on 

10/16/2013 were analyzed. Thirty-tour bass were caught from 5 pools at a rate of 24.3 Ash per 

hour. Figure 4.3-6 displays the fish by 50 mm length classes. When plotted the Smallmouth 

Bass lengths were normally distributed. CPUE (#/hr) for each length class is presented in Table 

Figure 4.3-6 Length Frequency Distribution (50mm intervals) of Smallmouth Bass 

Collected at NAR-5 on 10/16/2013 

10-

Mean 253.3 
SlDev 79.50 
N 34 

200 
length (mm) 



4.3-3. Fifty percent (50%) ofthe bass fell into the 225-275mm and 275-325 mm length classes 

with a combined catch rate of 12.1 fish per hour. YOY Smallmouth Bass fell into the 75-125mm 

size class and had a catch rate of 2.1 fish per hour. 

Tabk 4.3-3 CPUE (#/hr) of Smallmouth Bass per Size Class 
Collected at NAR-5 on 10/16/2013 

Length Class (mm) # CPUE (#/hr) 
75-125 3 2.1 
125-175 5 3.6 
175-225 3 2.1 
225-275 7 5.0 
275-325 10 7.1 
325-375 4 2.9 
375-425 2 1.4 

Boat electrofishing surveys will be continued to provide annual catch rates to gage year 

class strength. As the dataset increases, we should begin to identify what factors may be 

affecting the spawn and recruitment of smallmouth bass in the North Anna River. 
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Conclusions 

D ^orth Anna Power Smtion operated at an average of^O^ for Unitland ^6.5^ 

for Unit2of net megawatt generation capacity in 2013. 

^ The 2013 water tcmpcramtc data ftomtncfi^cd recorders showed that water 

tcmpcratmcs in Lal̂ c Anna and the ^rfTP were within historical ranges. 

^ Thermal stratification patterns in Tal̂ c Anna as mcasmcd in 2013 showed 

seasonal changes similar to previous years. 

D The species composition ofmc gill net catch in Tal̂ c Anna and tnc^f iTT in 

2013was consistent with historical data. 

^ In mclal^c,^itc Perch, Channel Catfish and Blacl̂  Crappie hadaCPUE that 

was significantly higher than the 1^1^2012avcragc. Striped hass CPUE for 

2013 was highcrmantnc historical average hut mc difference was not significant. 

Cizzard Shad CPUE was significantly lower than the l^l-2012avcragc. 

^ in mc^vT^TT,CizzardShad,^hitc Perch, Striped Bass and Common Carp nada 

CPUE tnat was signi^cantlylnghcr man mc historical average. Channel Catfisn 

hadaCPUE mat was significantly lowctthan the historical average 

^ Ccntrarcnids(sunfishcs)continuc to he the numerically dominant fish ta^a 

collected hyclcctrofisning in Tal̂ c Anna and ^ i iTP in 2013. 

^ In the lal^c,Largcmoutn Bass and TnrcadfinSnadhada2013CPUE that was 

significantly nighcr than mcl^l2012avcragc. 

^ in mc^riTT,ChannclCatfishl^daCPUE that was significantly higncrt^ 

1^12013 average and Blucgill,Targcmoutn Bass, Crccn Sunfish and Redear 

Sun^sn had eaten rates that were significanny lower man the nistorical average. 
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The data from Asiatic clam 

year wim decreasing average Size 

distributions ofclams indicate that high catches ofclams arc driven by spring 

spawning events but the majority oftbosc young clams do not move into the older 

year classes. 

The maximum recorded ri^crtcmpcratmc in 2013 was 30.2^C in September. 

riistorically,mc maximum water tcmpcratmc has occurred in ^uly or Augusts 

bowever, data in mcsc months is not available due to the datalogger error, 

winter water tcmpcratmcs at l^AR^lrccordcd in 2013 badaminimum monthly 

mean oflO.^^C recorded in January andaminimumbomly temperature of^.^^C, 

also recorded in January. 

Twcnty^fi^c species offisb representing eight families were collected by 

clcctrofishing in the ^ortb Anna River in 2013. 

ThcCPUE mrtbcclcctric seine on surveys I,2and3in2013wcrc46^.5, 257.̂  

and200.0rcspcctivcly. CPUE for tbe cacb electric seine survey in 2013 was 

significantly bighcr than tbe bistorical mean. 

Anew zodiac clcctrofishing boat was used for YCYcollcctions in 2013. 

i^ominion^s^odiac boat was delivered and placed in scrviccin^ctobcr 2013 

which is mucb later in the year than wben previous sampling has been conducted, 

resulting inYOYfisbwbicb were older and bardcr to age than previous years. 

Si^^YCYSmallmouth Bass were collected and aged in 2013. 

Eighty^cightpcrccnt^^ofmcYCY fish mat were collected^ 

were spawned wben river tiows were less than or cô ual to 400 cfs. 
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Tucus 1^3, suggests mat bigh river tiows during the spawning season can reduce 

spawning habitat. Tbis is apparent as mwSmallmoutb Bass were spawned during 

higb flow events. 

Relationsbips between degree days and spawning dmation are not as apparent 

from tbe figmessoacorrelation analysis was rmt.Tbe correlation analysis found 

mat mere isasignificant(p^0.012) negative^0.^5) relationship indica^ 

tbe higher me degree days at me start ofme spawning season me shorter the 

spawning season will be. A significant relationship does not imply tbat tbe degree 

days cause the shorter season, but only tbatdmation decreases aŝ degree days 

starts increases. 

In addition to meYOYanalysis, dam ior adult and juvenile Smallmoutb Bass 

caught on tbe ^ortb Anna River boat electrofishing survey were analyzed. 

Thirty-fom bass were caught h^om5poolsatarateof24.3 fish per bom. 

Smailmouth Bass length distributions were normally distributed when plotted. 

Boat electrofishing surveys will be continued to provide annual catcb rates to 

gage year class strength. 
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